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Coenagrion mercuriale is a threatened damselfly in most parts of its geographic distribution. It is listed 
as endangered in North Africa, where no data on its biology or ecology are available. This study aims to 
illustrate the reproductive behaviour and habitat preferences of adults in a population located in north-east 
Algeria, representing the southern limit of the species distribution. After emergence, adults spent 3 to 4 
days away from the water to mature. Young mature individuals returned to the stream to mate, sometimes 
not far from their emergence site. The mean duration of copulation and oviposition were 20.08 + 8.79 
min (+ SD) and 52.66 + 12.17 min (+ SD), respectively, separated by a short post-copulatory rest of 
4.60 + 2.02 min (+ SD). Copulation duration was positively correlated with male body length while 
resting duration was positively related to copulation duration. Single males and breeding pairs preferred 
the same habitats, characterized by relatively dense and high in-channel bank vegetation, and a quite large 
stream bed, with a substrate which mainly consisted of clay and silt. A comparison of the reproductive 
behaviour and habitat preferences with a population located in the northern limit of the distribution range 
is presented and discussed. 
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Introduction 


All species exist in a limited geographic range that varies in size and spatial structure. Species 
life history pattern changes in different parts of the range (Conover, 1992; Stearns, 1992). These 
environment-mediated responses are often referred to as plasticity, which can be detected not 
only in morphology but also in physiology and behaviour (Scheiner, 2002; Smith-Gill, 1983; 
Tanaka, 2004; Thompson, 1992; Van Buskirk, 2002; Van Buskirk & Arioli, 2005). In temper- 
ate regions, one might expect that population differences are more marked in the two latitudinal 
extremes of the geographic range because they face substantially different environmental con- 
ditions, mainly in temperature. Understanding the pattern of life history trait variation along a 
distribution range is crucial to determining how marginal populations are adapted to their local 
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environment and what the consequences are of such adaptation on the population dynamics under 
climate change (Bridle & Vines, 2007). 

Odonates are widespread and occupy all continents except the Antarctic. Globally, many 
species have a large distribution that covers a large part of a continent or even more. Therefore, 
they represent interesting model organisms to test latitudinal adaptations to local environment. 
However, this aspect has received little attention in the literature. There is evidence of latitudi- 
nal variation in body size in some damselflies in Europe (Hassall, Keat, Thompson, & Watts, 
2014; Hassall, Thompson, & Harvey, 2009) in concordance with the temperature-size rule 
(Bergmann’s rule) which states that larger size is expected at higher latitudes due to lower tem- 
peratures (Atkinson & Sibly, 1997; Bergmann, 1847). In fact, unlike larvae from high latitudes, 
those from low latitudes display substantially higher growth rate resulting from physiological 
and behavioural differences (Sniegula, Nilsson-Ortman, & Johansson, 2012; Stoks, Swillen, 
& De Block, 2012). As a consequence, there is a latitudinal pattern in voltinism in temperate 
odonates, showing an increasing trend in generation time from south to north (Corbet, Suhling, 
& Soendgerath, 2006). 

Coenagrion mercuriale is an Atlanto-Mediterranean damselfly of great conservation concern. 
Although it is globally listed as Near Threatened in the IUCN Red List, it is categorized as 
Endangered in several parts of its range (Boudot, 2006). Its geographic distribution is more 
continuous in Southern Europe and rather fragmented in the two latitudinal extremes, namely 
southern UK in the north and the Tell Atlas (North Africa) in the south (Grand, 1996). Although 
the core population occurs in south Europe, most detailed studies on the biology and ecology of 
the species have been carried out in the UK (Kerry, 2001; Purse & Thompson, 2002, 2003a, b, 
2005; Rouquette & Thompson, 2005, 2007; Watts, Kemp, Saccheri, & Thompson, 2005). 

Our study aims to document some aspects of the reproductive behaviour and habitat require- 
ments of the species in a North African population where it is listed as endangered (Samraoui 
et al., 2010) and compare them to those reported by Purse and Thompson (2003a) and Rou- 
quette & Thompson (2005) in the UK, in order to test whether latitude affects ecological and 
behavioural characteristics in two latitudinally distant populations. 


Material and methods 


Study site 


The Seybouse River is 225 km long, located in north-east Algeria. It is formed by the confluence 
of oued Cherf and oued Bouhamdane in Medjez Amar and flows into the Mediterranean near Sidi 
Salem. Old Bridge Canal is an artificial shallow stream, 450 m long, that flows into the upstream 
part of the Seybouse, at Guelma (36°28’ N, 7°22’ E). Coenagrion mercuriale is restricted to the 
lower part of the stream where the study took place. The study population has not been recorded 
before in the Seybouse watershed odonate checklist, in which the species is listed rare (Khelifa et 
al., 2011). The bank vegetation is dominated by Typha angustifolia, Cynodon dactylon, Solanum 
nigrum, Veronica anagallis-aquatica, and Scirpus holoschoenus. In-channel plant species con- 
sisted of Typha angustifolia, Lythrum junceum, Nasturtium officinale, Cyperus laevigatus 
distachyo and Mentha aquatica. Beside C. mercuriale, reproductive populations of Calopteryx 
haemorrhoidalis, Orthetrum nitidinerve, O. chrysostigma and O. coerulescens thrived. 


Breeding parameters 


Mature individuals were marked daily with alphanumeric codes on the left hind wing with paint 
markers from 9 April 2013 to 20 May 2013 along a 120-m transect, from 09:00 to 16:00. Body 
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and wing length were measured to the nearest 0.01 mm with digital callipers. Some tenerals 
were also marked in order to determine the maturation period, and, given that their emergence 
location was recorded, natal dispersal was estimated. To reduce damage on the teneral soft wings 
and body, they were kept in cages for six hours before marking and released in their original loca- 
tion. The entire reproductive episode (copulation, post-copulatory resting, and oviposition) was 
surveyed and timed to the nearest second based on the method adopted by Purse & Thompson 
(2003a). The percentage of time devoted to the actual oviposition was also estimated. 


Habitat preferences 


The study area was divided into 12 contiguous 10 m-sections labelled with flags. Eight environ- 
mental parameters were estimated in each section, namely bank and in-channel vegetation height 
and density, water velocity, stream width, stream depth, emergence stone density and substrate 
type. For each variable, five different sampling points were selected and then the mean was cal- 
culated. Vegetation height (from the water surface to the tip of the stand) and stream width and 
depth were measured to the nearest centimetre with a 5 m decameter. Emergent stone and veg- 
etation density were estimated with a 1 x 1 m quadrat. The main component of the stream bed 
substrate was classified as gravel-sand, sand-silt, or clay-silt using the Wentworth Scale (Allan, 
1995). 


Statistical analyses 


All statistical analyses were conducted with R software (R project 3.0.1). Spearman correlation 
tests were conducted to assess potential relationship between copulation duration and male body 
and wing length, and between resting and copulation duration and the latter morphological traits. 
One-sample t-tests were carried out to compare the duration of the different reproductive stages 
with those presented by Purse & Thompson (2003a). In order to determine habitat requirements 
of the adults (males and breeding pairs) a principal component analysis (PCA) was carried out 
with the package Vegan (Oksanen et al., 2013) based on eight environmental factors and the 
number of males and reproductive pairs daily recorded in the 12 sections. Principal component 
(PC) scores were grouped based on the Bray—Curtis dissimilarity index using substrate type 
(Beals, 1984). Values are mean + standard deviation (SD). 





Results 


Pre- and post-maturation behaviour 


Of the 43 tenerals that were marked, only 12 individuals were recaptured. Among the recaptures, 
six (two males and four females) were recorded in a reproductive state i.e. copulation in males 
and oviposition in females. The minimum maturation period was three and four days for males 
and females, respectively. The mean distance of natal dispersal was 12.5 + 3.53 m (n = 2) and 
35 + 18.25 m (n = 4) in males and females, respectively. Mean daily apparent sex ratio was 
highly male biased (7.01:1, n = 30). 

Table 1 presents the duration of the different stages of a reproductive episode. The entire 
reproductive episode lasted 78.20 + 12.37 min. Mean copulation duration was 20.08 + 8.79 
min and it was positively correlated with male body length (R = 0.47, p = 0.04) but not with 
wing length (R = 0.32, p = 0.18). After each copulation, breeding pairs rested for a mean dura- 
tion of 4.60 + 2.02 min (1.3-8.7 min, n = 14). Resting duration was significantly positively 
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Table 1. Characteristics of reproductive behaviour of C. mercuriale in Algerian and British populations. 














Algeria (present study) UK (Purse & Thompson, 2003a) 
Duration Mean + SD Range n Mean + SD Range n t-test (p-value) 
Copulation (min) 20.08 + 8.79 6-41.5 18 24.1 + 2.4 15.0-40.0 9 0.06 
Resting (min) 4.60 + 2.02 1.3-8.7 14 13.3. 42°35 3.0-39.0 9 < 0.0001 
Ovi./search (min) 52.66 + 12.17 34.5-73 9 30:5 2255;5 8.3-58.0 9 0.0006 
Per cent ovi. (%) 51.22 + 18.30 27-85 9 50.1 + 8.5 23.5-100 9 0.85 
Total episode (min) 78.20 + 12.37  64.55—103 7 69.9 + 16.0 43-1304 5 0.07 








Notes: ‘Ovi./search’ refers to time allocated to both oviposition and oviposition site searching. ‘Per cent ovi.’ refers to percentage of time 
allocated to actual oviposition. 


Table 2. Eigenvalues, percentage of variance 
explained, and eigenvectors of the principal component 
analysis of habitat requirements of C. mercuriale. 
Eigenvectors higher than 0.35 are indicated in bold. 





PC1 PC2 
Eigenvalue 6.49 1.74 
Percentage of variance (%) 59.04 15.83 
Males 0.28 0.11 
Breeding pairs 0.22 0.14 
Bank vegetation density (%) 0.33 -0.31 
Bank vegetation height (cm) 0.31 —0.39 
In-channel vegetation density (%) 0.36 0.13 
In-channel vegetation height (cm) 0.35 0.18 
Water depth (cm) 0.19 0.49 
Water width (cm) 0.33 —0.01 
Water velocity (m.s) 0.34 0.3 
Emergent stones (%) 0.19 0.57 
Substrate 0.33 0.1 


correlated to copulation duration (R = 0.59, p = 0.02), but not to body length (R = -0.01, 
p = 0.96) or wing length (R = 0.43, p = 0.12). Oviposition duration (including searching 
time) had a mean of 52.66 + 12.17 min but only 51.22 + 18.30% of time was devoted to actual 
oviposition. 

In the study population, breeding pairs used only vertical soft supports of three main plant 
species to lay eggs, namely Nasturtium officinale, Lythrum junceum and Typha angustifolia. 
Females used the part of the plant that was just above the water surface and often went underwater 
during oviposition. A total of 14 cases of underwater egg laying (only four of which were timed) 
were recorded including two cases in which both sexes totally submerged. Mean underwater 
oviposition duration was 7.7 + 3.34 min (4-11.5 min, n = 4). 








Reproductive site preferences 


Eigenvalues, eigenvectors and percentage of variance explained by the two first principal com- 
ponents are presented in Table 2. The first two principal components described 74.87% of the 
cumulative variance with PC1 and PC2 accounting for 59.04% and 15.83%, respectively. PC1 
was positively correlated to in-channel vegetation height and density, while PC2 was negatively 
related to stream width, but positively related to emergent stone density. Figure 1 illustrates a 
biplot of PCA based on nine environmental factors, male and reproductive pair density, and 12 
sampling sections. It shows that single males and reproductive pairs had the same habitat prefer- 
ences and they occurred mainly in areas where bank and in-channel vegetation height and density 
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PC2 














PC1 


Figure 1. PCA biplot of habitat requirements of C. mercuriale. I, Il, II refer to gravel-sand, sand-silt, and clay-silt sub- 
strates, respectively. Each point represents an observation in a single section. Ellipses were derived using the Bray—Curtis 
dissimilarity index and they represent 95% confidence areas enveloping each substrate type. 


were high, there was a relatively large stream bed, and the substrate consisted of clay-silt. Areas 
where emergent stones density was high, on the other hand, were the least frequented by adults 
because they were characterized by low vegetation cover and a gravel-based substrate. 


Discussion 


The study presents new data on the reproductive behaviour and habitat preferences of the endan- 
gered C. mercuriale in its southern distribution range. A comparative analysis with British 
populations, which represent the northern extreme of the species geographic range, is presented 
and discussed hereafter. 

Maturation period was quite short and it was one day shorter in males (three days) than females 
(four days). Conversely, the maturation period in UK was longer (five to eight days) (Purse, 
2001). This variability in the age at maturity could be the result of both genotypic and envi- 
ronmental differences between populations (Stearns & Koella, 1986). Similarly to the Algerian 
population of C. mercuriale, other coenagrionids showed a short pre-reproductive duration, e.g. 
Ischnura graellsii in which the male took 2-5 days while the female took 4—6 days (Cordero, 
1987), and Z. verticalis, in which the male completed its maturation after two days and females 
after five days (Fincke, 1987). Data on natal dispersal are very scarce in odonates (Buchwald, 
1994; Dolný, Mižičová, & Harabi8, 2013) because it is less likely that a ‘fragile’ teneral will 
survive until maturation after handling and return to its emergence site (Cordero, Egido-Perez, 
& Andres, 2002). In our study, we reduced the likelihood of handling damage by keeping ten- 
erals in cages until late afternoon before marking them so that their bodies were hard enough 
to resist handling. The fact that emergence took place mainly at the preferred reproductive sites 
also contributed to the observation of natal dispersal. In addition, the closest nearby population 


178 H. Mahdjoub et al. 


is 8 km from the study site which may have reduced the dispersal probability. We found a shorter 
natal dispersal distance in males than females but the small sample size did not allow us to draw 
conclusive interpretation on sexual differences in philopatry to emergence sites. 

Two main differences in the reproductive behaviour between the Algerian and British popula- 
tions were found (Table 1). First, post-copulatory resting was significantly shorter in the Algerian 
population. One of the hypotheses that explain the importance of post-copulatory resting is that 
females require some time to handle sperm and fertilize their eggs (Miller & Miller, 1989). There- 
fore, we could assume that the shorter resting duration in the southern limit of the species range 
was probably due to the higher ambient temperature which accelerated female sperm handling. 
In fact, it is known in many insects that temperature affects sperm transfer in males (e.g. Katsuki 
& Miyatake, 2009). Second, oviposition duration was significantly longer in Algeria. Further 
studies should be carried out to determine whether this inter-population difference in oviposi- 
tion duration is due to biological (e.g. clutch size) or behavioural (e.g. site selection) variations. 
Furthermore, we found a positive correlation between copulation duration and male body size. 
This relationship was already noted in the territorial damselfly Paraphlebia zoe (Wong-Munoz, 
Anderson, Munguta-Steyer, & Cordoba-Aguilar, 2013), and it is possible that a longer copu- 
lation leads to higher efficiency in sperm displacement (Waage, 1984) which can reach 100% 
in some coenagrionids and offer a fitness advantage (see Cordoba-Aguilar, Uhía, & Cordero 
Rivera, 2003). The positive correlation between resting time and copulation duration was prob- 
ably due to the copulation energy cost, which induced reproductive pairs that had spent a longer 
time copulating to rest more before proceeding to the oviposition, as in other insects (Watson, 
Arnqvist, & Stallmann, 1998; Woods & Stevenson, 1996). According to our knowledge, under- 
water oviposition has never been reported in C. mercuriale, but it was documented in some other 
coenagrionids (Bick, 1972; Fincke, 1986; Miller, 1994; Sawchyn & Gillott, 1975). Laying eggs 
under the water surface decreases the risks of exposure and thus increases the hatching success 
(Fincke, 1986). 

There was a concordance between habitat requirements of the adults found in our study and 
those presented by Rouquette & Thompson (2005). Both single and paired males showed sim- 
ilar habitat preferences, a finding that we expected since all mature single males perched in 
the bank vegetation near potential oviposition sites waiting for females. Bank and in-channel 
emergent vegetation and substrate played an important role in individual habitat choice. In fact, 
the highest densities of both males and breeding pairs were recorded in areas where bank and 
in-channel emergent vegetation was quite dense and substrate consisted of clay-silt. Bank vege- 
tation provides shelter against predators and perching sites for males to intercept females. As in 
the present study, some authors have noted the importance of soft stems that are usually provided 
by in-channel emergent plants for female oviposition (Purse & Thompson, 2009; Rouquette & 
Thompson, 2005; Sternberg, Buchwald, & Réske, 1999). Vegetation composition of the study 
site and plants used in oviposition were not similar to the ones found with UK populations 
(Purse & Thompson, 2003a, 2009; Rouquette & Thompson, 2005). As part of another study 
on the life history of the species, water dip-netting revealed that larvae were associated exclu- 
sively with roots of emergent plants in areas where the substrate mainly consisted of clay-silt 
(Khelifa R., pers. obs.). These areas should provide suitable microhabitats where food and local 
abiotic conditions are optimal for larval growth. 

Although the Algerian population is located in the opposite latitudinal extreme of the dis- 
tribution range compared to the British population, there were only some behavioural but 
no conspicuous ecological (habitat requirements) variations in the adult stage. It is possible 
that variations occur mainly in the larval stage and especially in life history traits related 
to the species seasonal regulation. Finally, our data may contribute to better conserving 
the species locally and to establishing management plans in Algeria and in North Africa 
generally. 
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